ABSTRACT Coronary dissection and total coronary occlusion leading to emergency coronary surgery are the most frequent complications of percutaneous transluminal coronary angioplasty (PTCA) and their occurrence usually is unpredictable. To identify angiographic characteristics of coronary stenoses that may affect the incidence of these complications, the diagnostic pre-PTCA coronary angiograms of 38 consecutive patients (group I) undergoing emergency coronary surgery for dissection or occlusion were reviewed and compared with the angiograms of a random sample of 38 patients (stratified for left anterior descending and right coronary arteries) from a group of 1151 who did not need emergency coronary surgery (group II). Stenosis morphology before angioplasty was considered "complicated" if at least one of the following criteria was present: irregular borders, intraluminal lucency, and localization of stenosis in curve or at bifurcation. Baseline characteristics, maximum inflation pressures, types of balloon catheters used, and routinely registered angiographic stenosis properties (severity, length, eccentricity, and calcification) were similar in both groups. Irregular borders before PTCA were present in 22 of 38 patients in group I 
predicted from the patient's diagnostic angiogram, the occurrence of coronary dissection or total occlusion is not foreseeable.
As angiographers gain experience with PTCA and as catheter technology improves, complication rates of PTCA have declined and primary success rates have increased. However, according to the recent report of the PTCA Registry of the National Heart, Lung, and Blood Institute,l which summarizes the results of 34 centers, complications leading to emergency coronary surgery occur at a rate of about 7%. 
Patients and methods
From July 1980 until January 1983, a total of 49 patients underwent emergency coronary surgery within 24 hr after failed PICA at Emory University Hospital. The coronary angiograms taken immediately before PTCA of 38 patients who underwent emergency coronary surgery for coronary dissection or total coronary occlusion were available for review (group I). The pre-PTCA angiograms of a sample of 38 patients (group II) with successful PTCA served as controls. Because the incidence of emergency surgery with PTCA was not equally frequent in the major coronary vessels, the control group was matched to group I for the vessels dilated: left anterior descending (LAD) or right coronary artery (RCA). This was achieved by selecting the last patient with a matching and successfully dilated vessel before the patient undergoing emergency surgery. Selection of the 1372 control group was made by one of the authors (K. G.) who had no knowledge of the diagnostic angiograms except for the vessels dilated.
The angiograms were evaluated independently by two angiographers who were not aware of the patient's identity or outcome of the procedure. The presence (in at least one projection) of one or more of the following morphologic criteria of the coronary stenosis to be dilated was assessed by consensus of the two reviewers: irregularity of borders of the stenosis (figure 1 A) (as opposed to smooth angiographic outline of the borders), intraluminal lucency (filling defect) (figures 2, A, and 3, A) or disruption of the column of contrast media at the stenosis (disruption of flow) (figures 4, A, and 5, A), and eccentricity of the stenosis. The latter was assessed according to the definition published previously.4 Additional criteria were localization of FIGURE 2. A, Angiogram of the RCA immediately before PTCA. The stenosis (arrows) shows intraluminal lucency and is localized between two major vessel curves. B, Same artery after balloon inflation, with total occlusion distal to the initial lesion. CIRCULATION stenosis in or near a vessel curve (so that the inflated balloon would be bent by the curve as seen angiographically) (figures 2, A, 4, A, and 5, B) and localization at or near a vessel bifurcation (so that the inflated balloon would still lie within the bifurcation). The degree of a vessel curve was estimated from the angiographic projection that showed it most markedly. An estimated angle of 45 degrees or greater was considered a curve, but variations with different angiographic projections were great. Disagreement between the reviewers with regard to the presence of a vessel curve occurred in 29% or 24 of all 76 reviewed cases and in 7% to 14% with regard to the other criteria.
Other properties such as degree, length, and calcification of the stenosis were also compared between the groups. These data and clinical baseline characteristics were retrieved from the cardiac data bank of Emory University Hospital, where routine angiographic and clinical data of all patients before and after angioplasty are registered.
PTCA was performed according to the technique described previously5' 6 with types DG and G (sizes 20-20 to 20-37) and over-the-guidewire balloon catheters (Gruentzig steerable balloon dilatation system, USCI and Simpson-Roberts balloon catheter system, ACS). Balloon size was chosen according to the smallest diameter of the normal part of the arterial segment in which balloon inflation was to be performed. Stenosis length and eccentricity were defined as described earlier. 4 The angiographic definitions of coronary dissection were per- The reasons for emergency surgery in the patients of group I (n = 38) were coronary dissection by the balloon catheter in 26 patients (68%) (a typical example is shown in figure 5, D) , dissection by the guiding catheter in one (3%), and total coronary occlusion in 11 (29%) (a typical example is shown in figure 2, B) . Dissection in two patients (one LAD, one RCA) was shown to be a result of advancing the balloon catheter into a false channel. In one patient (RCA), dislodgment of the atherosclerotic plaque was seen to cause total coronary occlusion. Total occlusion developed in one patient (LAD lesion) on the day after the procedure, 4 hr after infusion of heparin was discontinued.
Baseline characteristics of the patients undergoing emergency coronary surgery (group I) and of the control patients (group II) are compared in table 2 assessed on the diagnostic pre-PTCA angiogram (degree, length, calcification), and the procedural characteristics such as types of balloon catheters used and maximum inflation pressures are also similar (tables 3A and 3B). The detailed evaluation of angiographic stenosis morphology on the pre-PTCA angiograms available for review, however, yielded significant differences between the two groups. Irregularities of the angiographic borders of the lesion were present in 22 of 38 patients of group I vs 10 of 38 patients of group II (p < .05). Angiographic evidence of intraluminal lucency (n = 9) or disruption of flow (n = 13) was present in 22 of 38 patients of group I vs nine of 38 patients (intraluminal lucency n = 5, disruption of flow n = 4) of group II (p < .05). Localization of the stenosis in the vicinity of a major curve in the vessel was present in 27 of 38 patients vs 16 of 38 patients (p < .05). Localization of the stenosis close to or involving a vessel bifurcation was similar in both groups. These results are summarized in table 4. Intimal tear or dissection not resulting in compromised coronary flow was angiographically demonstrated in eight of the control patients (group II).
One patient in group II who had a very eccentric and irregular LAD stenosis experienced total occlusion of the dilated vessel 2 days after PTCA and subsequently underwent coronary surgery.
Discussion
Although operator experience and improved catheter systems have reduced the frequency of failure of PTCA due to the inability to reach, cross, or dilate the coronary lesion, a considerable risk of emergency coronary surgery due to dissection or coronary occlusion still exists.' These complications are the most common causes of PTCA-related deaths' and have been thought to be unpredictable. Since there is no technical means available to safely avoid intimal tear or dissection, it would be useful to identify criteria that predispose a patient to such complication.
Attempts to predict these complications on the basis of clinical data have been made. In the recent report from the PTCA Registry of the NHLBl,' unstable angina correlated with higher incidence in overall nonfatal complications, and a history of previous coronary artery bypass surgery was found to be related to higher mortality.
Analysis of the coronary arteriogram plays a key role in the selection process of patients for PTCA. The importance of the site of the coronary lesion has been emphasized by several investigators.2 Lower success rates have been reported in the RCA than in the LAD and left circumflex artery.8 Our results indicate that the incidence of emergency coronary surgery is higher with PTCA attempts in the RCA than in the LAD or left circumflex artery (table 1). Both the lower success rate and higher emergency surgery rate after PTCA in 1376 the RCA may partially be due to the tortuosity of this vessel. The inability to cross the lesion is increased as well as the risk of dissection by balloon inflation in a bend of the artery.
Properties of the stenosis itself also influence the outcome of PTCA. Tight stenoses (equal or more than 90%) are associated with lower success rates and higher overall complication rates.3 Long and eccentric coronary stenoses also appear to cause higher compli-4 cation and emergency surgery rates.
In coronary angiograms, focal coronary lesions customarily are described only in terms of localization and the degree of percent luminal diameter (or area) narrowing they produce. Current scoring systems used for the interpretation of coronary angiograms do not consider other characteristics of the angiographic morphology of the coronary lesion. Yet atherosclerotic coronary narrowing is a complex process that may lead to fatty, fibrous, or "complicated" types of atherosclerotic plaques.9 Complicated lesions are associated with plaque rupture, ulceration, subintimal hemorrhage, or superimposed or recanalized thrombus. These lesions may be more dangerous than fatty or fibrous coronary lesions (uncomplicated lesions) in that they may be more likely to become acutely occluded."1 12
Only recently it has been shown in a histopathologic study by Levin and Fallon`0 that the postmortem angiographic morphology of a complicated coronary lesion (angiographically defined as an irregularity of the stenosis border and/or intraluminal lucency) correlates well with the suspected histopathologic properties. Our study relates the complex angiographic morphology of focal coronary stenoses and their location to the incidence of emergency coronary surgery as a result of coronary dissection or total coronary occlusion caused by PTCA. The results indicate that complicated lesions -stenoses with intraluminal lucencies or irregular borders -may carry a higher risk of severe coronary dissection and total coronary occlusion. This has been confirmed in a recent study relating the angiographic finding of intracoronary thrombus to the occurrence of vessel occlusion during angioplasty.'T he criterion "localization in vessel curve" is difficult to define and may therefore be of limited use as a predictor for the outcome of PTCA. One limitation of the study is that the original fixed-wire balloon catheters were used in the majority of the patients included in the study (table 3B) . The use of modem over-thewire dilatation systems has increased the safety of PTCA, particularly by reducing the risk of coronary vascular complications during passage of stenoses.
The overall increase in primary success and reduction of emergency surgery rates partially reflects the increased potential of these newer (steerable) balloon catheters. However, the principle mechanism of action of PTCA has remained the same. The major mechanisms of transluminal angioplasty were shown to involve stretching (aneurysm formation) of elastic segments of the vessel wall and intimal splitting or dissection (plaque rupture) of inelastic portions of the vessel,'3 usually at their weakest point. Plaque ulcerations as they occur in complicated stenoses may predispose to severe (obstructive) dissection caused by balloon distension. Angiographic luminal irregularity and intraluminal lucency may both be the correlate of plaque ulceration with or without intracoronary thrombosis. The traumatic mechanism may be enhanced when balloon inflation in a bend generates additional shearing forces.
When the balloon size is properly selected and overdistension of the vessel avoided, we propose the following mechanisms by which dissection or total occlusion may be more likely to occur in complicated lesions: Mechanical alteration or dislodgment of atherosclerotic or thrombotic material by crossing the stenosis or during dilatation may occur more easily in complicated lesions and cause total coronary occlusion, although this may be rarely demonstrable angiographically. However, in one of our patients this was clearly found to be the case. The opening of a false channel or enhancement of a preexisting dissection with the guidewire or balloon catheter may also be more likely inside an ulcerated lesion with irregular borders than in an hourglass-shaped fibrous plaque with smooth borders. This was demonstrated in two of our patients who needed emergency coronary surgery. Immediate elastic recoil of the dilated segment may be due to elasticity of thrombotic material or to intramural hematoma often associated with "complicated" lesions. Finally, balloon inflation in a vessel curve may lead to stretching and shearing forces and result in a more extensive damage than the usual and expected Vol. 74, No. 6, December 1986 "controlled injury"13 14 of the arterial wall by mechanical dilatation.
The presence of a complicated coronary lesion is not a contraindication for PTCA. 6 The predictive value of these angiographic findings for the occurrence of coronary vascular complications is low (< 10%). However, complicated lesions may represent a higher risk of coronary dissection or total coronary occlusion (local coronary risk). This should be taken into account when informing and selecting the patient for PTCA. In particular, this applies to patients with a large amount of myocardium at risk (e.g., proximal LAD stenosis, multivessel disease, total occlusion of a coronary artery outside the distribution of the PTCA vessel), in whom an occlusive coronary complication would result in a critical reduction of left ventricular pump function and substantially increase the clinical risk (myocardial infarction and death) of the procedure.
Competent patient selection for PTCA is certainly a skill the cardiologist performing PTCA needs most in addition to practical abilities. Our observations indicate that detailed evaluation of the angiographic coronary anatomy and the morphology of coronary stenosis may improve patient selection for coronary angioplasty and reduce complications.
